INTRODUCTION
============

In recent years, partial nephrectomy has been shown to achieve equivalent oncological outcomes and better overall survival than radical nephrectomy, as well as to reduce the risk of end-stage renal disease.^[@ref1]-[@ref5])^ The latest guidelines for the treatment of renal tumors recommended partial nephrectomy as the first choice surgical option for cT1a or cT1b renal tumors if feasible technically.^[@ref6],\ [@ref7])^ Laparoscopic partial nephrectomy (LPN) has emerged as a viable alternative to open partial nephrectomy (OPN) due to its minimal invasiveness,^[@ref8])^ although it is challenging technically. Robotic partial nephrectomy was developed to reduce the invasiveness and overcome problems associated with LPN; however, it is not yet used widely and currently can only be performed at the specific institutes. Therefore, because LPN or OPN remain the two major surgical options to treat localized small renal tumors, surgical planning to select LPN versus OPN is a clinically important issue.

It is necessary to resect tumors at oncologically appropriate lines^[@ref9])^ with minimal margins,^[@ref10])^ within safe ischemic time,^[@ref11],\ [@ref12])^ and without postoperative complications.^[@ref13])^ Therefore, renal tumors with low complexity would be good indications for LPN. The following factors are associated with tumor complexity: tumor size, endophyticity, nearness to the sinus, polar location, hilar designation, and inside designation. Many studies reported the tumor characteristics resected using LPN and OPN.^[@ref14]-[@ref18])^ However, few studies have reported on the factors that influence the decision of the surgeon during surgical planning for LPN or OPN, or on the cut-off points that determine the indication for the two procedures.

In the current study, we evaluated the relationship between tumor morphology and surgery type and determined the cut-off values that predict the choice made by surgeons regarding the laparoscopic approach.

METHODS
=======

The Ethics Committee at Nagoya University Graduate School of Medicine approved the study protocol.

Subjects
--------

Between January 2009 and December 2013, a total of 176 patients underwent partial nephrectomy for clinically diagnosed renal cell carcinoma at our institution. Because the purpose of the study was to evaluate the relationship between tumor characteristics and the decision making process regarding the surgical approach for early-stage renal cell carcinoma, we excluded the following patients: 10 patients with a solitary kidney, 4 patients who underwent OPN during gastrointestinal surgery, 2 patients with cT3a and poor renal function, 3 patients with multiple tumors, 7 patients who underwent robotic partial nephrectomy, which has just been implemented at our hospital, and 3 patients for other reasons. Consequently, a total of 147 patients who underwent surgery for ≤ cT2 renal cell carcinoma were included in this study. LPN and OPN were performed in 72 and 75 patients, respectively. Postoperative histopathology showed renal cell carcinoma in 130 patients, angiomyolipoma in 9, hemorrhagic cysts in 3, and oncocytoma in 5. In our institution, LPN was considered first, OPN second, and finally laparoscopic radial nephrectomy as a third option for localized small renal masses. The surgical plan is determined based on preoperative trans-sectional images and patient clinical information at institutional conferences.

Surgical procedures
-------------------

The key surgical procedures were performed similarly in the LPN and OPN groups. The surface of the renal cortex bordering the lesion was stripped of fatty tissue to enable visualization of the tumor's lateral margins. The renal artery and/or vein were clamped prior to tumor resection. The tumor margins were then excised by cold cutting, starting at approximately 5 mm from the tumor edge. Clamping of the renal blood flow was released after the closure of the renal defect using knot-tying sutures, if necessary, over Surgicel^®^ bolsters.

Trans-sectional images
----------------------

Contrast-enhanced CT scans were obtained using a slice thickness of 1 mm by intravenous injection of iodinated-contrast agent. For patients who were allergic to iodine, contrast-enhanced MRI was performed using a slice thickness of 0.5 mm by intravenous injection of gadolinium-contrast agent. Tumor characteristics such as tumor size, clinical T stage, endophyticity (length from the renal surface to the tumor bottom), distance from the sinus to the deepest portion of the tumor, distance from the kidney equatorial plane to the tumor's nearest edge, polar position, hilar designation (for lesions in contact with renal vessels), inside designation (for lesions located inside the kidney), and R.E.N.A.L. nephrometry score on preoperative trans-sectional images.

Statistics
----------

All values are presented as means ± standard deviations. Student's t-tests were used to compare parametric values. Chi-square tests were used to compare the ratios between groups. Univariate and multiple logistic regression analyses were used to examine the relationship between tumor morphological features and type of surgery. Receiver operating characteristics -- area under the curve (ROC-AUC) analyses were performed to calculate the cut-off values for predicting the selection of LPN. All tests were 2-sided, and p values less than 0.05 were considered to be statistically significant. All statistical analyses were performed using SPSS^®^ software.

RESULTS
=======

Renal lesions were successfully excised in all patients. No major perioperative complications occurred in any patient. Postoperative hemorrhage occurred in 2 patients, who were managed conservatively. Postoperative urine leakage was not noted in any patients.

[Table 1](#table1){ref-type="table"} shows the patient characteristics ([Table 1](#table1){ref-type="table"}). Statistically significant differences in tumor size, clinical T stage, endophyticity, distance from the sinus, hilar designation, inside designation, and R.E.N.A.L. nephrometry score were noted between the LPN and OPN groups.

###### 

Patient characteristics

                                                LPN group                OPN group                p value
  --------------------------------------------- ------------------------ ------------------------ ---------
  No. patients                                  72                       75                       
  Patient age at surgery Mean ± SD (range)      60.7 ± 11.2 (29 -- 82)   58.3 ± 13.7 (23 -- 86)   0.256
  Gender (male / female)                        50 / 22                  57 / 18                  0.372
  Side (R / L)                                  40 / 32                  40 / 35                  0.787
  Tumor size (mm)                               24.8 ± 7.3 (11 -- 42)    29.5 ± 9.3 (13 -- 52)    0.001
  Clinical T stage (1a / 1b)                    71 / 1                   67 / 8                   0.019
  Endophyticity (mm)                            14.4 ± 6.5 (4 -- 31)     21.0 ± 7.2 (7 -- 44)     \<0.001
  Distance from the sinus (mm)                  7.6 ± 5.3 (0 -- 23)      2.9 ± 3.4 (0 -- 13)      \<0.001
  Distance from the renal equator (mm)          12.1 ± 12.1 (0 -- 38)    11.1 ± 10.4 (0 -- 38)    0.591
  Hilar designation (y / n)                     2 / 70 (2.8%)            12 / 63 (16.0%)          0.006
  Polar location; upper / middle / lower pole   10 / 39 / 23             14 / 38 / 23             0.691
  Inside designation (y / n)                    12 / 60 (16.7%)          29 / 46 (38.7%)          0.003
  R.E.N.A.L. nephrometry score                  6.4 ± 1.4 (4 -- 9)       7.7 ± 1.4 (5 -- 10)      \<0.001

Next, we performed multivariate logistic regression analysis to determine tumor morphological features for selecting LPN. Univariate analysis demonstrated that tumor size, endophyticity, distance from the sinus, hilar designation, inside designation, and R.E.N.A.L. nephrometry score were associated with the selection of LPN ([Table 2](#table2){ref-type="table"}). Among these, multivariate analysis showed that tumors with less endophyticity and those located further from the sinus were more often chosen LPN than OPN. Tumor size, distance from the kidney equatorial plane, hilar designation, inside designation, and R.E.N.A.L. nephrometry score were not associated with the choice of surgical approach.

###### 

Tumor morphological features for selecting laparoscopic partial nephrectomy

  --------------------------------------------------------------------------------------------------------------------------
                                          Univariate analysis              Multivariate analysis                    
  --------------------------------------- --------------------- ---------- ----------------------- ---------------- --------
  Tumor size (mm)                         0.934\                0.0016                                              
                                          (0.895--0.974)                                                            

  Endophyticity (mm)                      0.865\                \<0.0001                           0.920\           0.0131
                                          (0.815--0.917)                                           (0.861--0.983)   

  Distance from the sinus (mm)            1.291\                \<0.0001                           1.201\           0.0009
                                          (1.171--1.423)                                           (1.078--1.338)   

  Distance from the kidney equator (mm)   1.008\                0.5885                                              
                                          (0.979--1.038)                                                            

  Hilar designation (y / n)               0.150\                0.0154                                              
                                          (0.032--0.696)                                                            

  Inside designation (y / n)              0.317\                0.0037                                              
                                          (0.146--0.688)                                                            

  R.E.N.A.L. nephrometry score            0.522\                \<0.0001                                            
                                          (0.398--0.687)                                                            
  --------------------------------------------------------------------------------------------------------------------------

ROC-AUC analyses revealed the sensitivity and specificity of endophyticity and the distance from the sinus for the selection of LPN ([Fig. 1](#fig1){ref-type="fig"}). Using the optimal cut-off point for endophyticity 16 mm, the sensitivity and specificity were 69.4% and 77.3%, respectively, and the AUC was 0.7623. Using the optimal cut-off point for distance from the sinus 4 mm, the sensitivity and specificity were 79.2% and 65.3%, respectively, and the AUC was 0.7735. When the tumor had an endophyticity of \<16 mm and a distance from the sinus ≥4mm, 80.4% of cases were treated with LPN (positive predictive value = 80.4%; [Table 3](#table3){ref-type="table"}). When the tumor had an endophyticity of ≥16 mm and a distance from the sinus of \<4 mm, 17.6% of cases were treated with LPN (negative predictive value = 82.4%).

![Sensitivity and specificity of endophyticity and distance from the sinus in ROC curves\
ROC-AUC analyses demonstrated cut-off values of 16 mm for endophyticity (sensitivity 69.4%, specificity 77.3%) (A) and of 4 mm for distance from the sinus (sensitivity 79.2%, specificity 65.3%) (B) for predicting laparoscopic partial nephrectomy.](2186-3326-77-0229-g001){#fig1}

###### 

Number of patients who underwent laparoscopic partial nephrectomy

                                              Endophyticity     
  ------------------------- ----------------- ----------------- -----------------
  Distance from the sinus   ≥4 mm (n = 83)    41 / 51 (80.4%)   16 / 32 (50.0%)
  \<4 mm (n = 64)            6 / 13 (46.2%)    9 / 51 (17.6%)   

DISCUSSION
==========

The results of this study demonstrated that most tumor morphological characteristics (tumor size, endophyticity, distance from the sinus, hilar designation, inside designation, and R.E.N.A.L. nephrometry score) were associated with decision-making for the optimal surgical procedures to use, according to univariate analyses. Among these, endophyticity and distance from the sinus were the most important morphological characteristics for selecting LPN versus OPN, according to multivariate analyses. These results suggest that endophyticity and distance from the sinus represent tumor complexities that affect a surgeon's decision.^[@ref19])^ When evaluating endophyticity, we assessed both the endophytic ratio and the actual length from the renal surface to the bottom of the tumor. Of these, the latter showed a greater association with the surgical approach (data not shown).

Several studies have reported that less complex tumors are resected more frequently with LPN, whereas high complexity lesions are more likely to undergo OPN or radical nephrectomy.^[@ref14]-[@ref18])^ Broughton *et al.* reported that tumor size and R.E.N.A.L. nephrometry score were independent factors for planning OPN over LPN or radical nephrectomy.^[@ref15])^ Gill *et al.* compared the tumor characteristics of 771 LPN and 1029 OPN cases and reported that tumor size (2.6 cm in LPN vs 3.3 cm in OPN) and endophytic designation (34.4% in LPN vs 53.3% in OPN) were significantly different between the two procedures.^[@ref16])^ In addition to these comparisons of two procedures, some authors prompted to identify cut-offs to determine which patients might be suitable for a particular approach. Naya *et al.* evaluated the morphological factors of tumors from 68 patients treated with laparoscopic radical nephrectomy and 74 patients treated with LPN.^[@ref17])^ They reported that tumor size as well as DAP and R.E.N.A.L. nephrometry score were significant factors for the selection of LPN, and that DAP score of 6 and R.E.N.A.L. score of 8 were the optimal cut-off values for the selection of LPN. Esen *et al.* compared tumor factors in 32 and 23 patients who underwent robot-assisted and open partial nephrectomy, respectively, and high R.E.N.A.L. score (cut-off, 6.5) and high P.A.D.U.A. score (cut-off, 7.5) were significant predictors for selecting robotic over open surgery.^[@ref18])^ Our study indicated that only endophyticity (cut-off, 16 mm) and distance from the sinus (cut-off, 4 mm) affected surgical planning. Meanwhile, contrary to our expectations, tumor size was not a significant factor that affected surgical decision-making in the multivariate analyses. Our results suggested that surgeons selected laparoscopic surgery if the tumor was exophytic and distant from the sinus, even if the tumor size was large.

In this study, we included patients who were treated by either LPN or OPN. Because the movability of surgical devices is restricted during laparoscopic surgery, LPN is not suitable for resecting complicated renal masses or closing large renal defects. Consequently, in order to achieve both low invasiveness and improved operationality, robotic partial nephrectomy has been developed and spreading gradually. This new technique can ease the difficulties associated with LPN, and some studies demonstrated that robotic partial nephrectomy could be performed for more complicated tumors;^[@ref20])^ therefore, it might be an alternative to OPN and LPN for select patients. Future studies assessing the cut-off points for determining whether robotic partial nephrectomy or OPN is preferable will be important.

Our study has several limitations that must be noted. Due to its retrospective nature, it is not clear whether the criterion of judgment we proposed in this study is universal. Nine surgeons performed partial nephrectomy in the patients included in this study, which might have affected decision-making regarding surgical type. In addition, the sensitivities and specificities determined by ROC analyses were not adequately high. A larger sample size and a prospective study are needed.

In conclusion, we investigated the tumor characteristics that affected surgical decision-making regarding LPN or OPN. We revealed that endophyticity and distance from the sinus were the most important determinants for surgical planning for partial nephrectomy.
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